I, Introduction
The recent emphasis on foreign exchange intervention by several large industrialized nations has renewed an interest in the study of channels through which intervention may operate. Some research suggests that intervention may be responsible for the failure of exchange market efficiency models.
From a policy standpoint, if intervention has an impact on exchange rates, then the channel of its influence must be identified in order to determine whether it is an independent policy tool. For this reason, most studies focus on sterilized intervention, which by definition does not affect the monetary base. Sterilized intervention may operate through either the portfolio balance or signaling channel.
Most empirical studies have found little support for the portfolio balance channel. Evidence of a signaling role is somewhat stronger; however, disentangling the two effects is difficult. This paper uses confidential daily data on G-3 central bank intervention to test for the presence of both portfolio balance and signaling effects of intervention on exchange rate risk premia. Use of high-frequency daily data allows us to capture the relationships among intervention, volatility, and excess returns.
The existence of a risk premium is one possible explanation for the poor out-of-sample forecasting performance of exchange rate models. Variances of exchange rates seem to show persistence, with distinct periods of low and high volatility. Various researchers have suggested that policy shifts may be related to volatility in asset prices. Thus, it may be useful to think of the impact of intervention as operating specifically through a risk premium.
Unfortunately, there is no consensus on how to model risk in foreign exchange. A widely used approach is to analyze the relationship between forward rates and spot rates. Hodrick (1989) , for example, relates the forward premium to conditional means and variances of market fundamentals.
One disadvantage of approaches that relate risk premia to fundamentals is that they do not permit testing with high-frequency data. However, a method that can be applied to daily analyses of intervention is to analyze the measure of realized excess returns suggested by the uncovered interest parity (UIP) condition. Two previous studies (Loopesko [I9841 and Dominguez [1989]) have taken this approach. This paper differs by using more recent data and modeling the conditional variance of the excess returns.
We take advantage of recent advances in modeling conditional variances in asset returns (generalized autoregressive conditional heteroscedasticity
[GARCH]), particularly as applied to exchange rates. Baillie and Bollerslev's 1989 study is one of many to find evidence for GARCH in exchange rates. To allow for the possibility that the conditional variance of the excess return influences its mean (GARCH-M), and that intervention influences the conditional variance, we utilize a variant of GARCH-M that allows the error term to have a conditional student-t distribution. In previous applications to exchange rate data, the student-t distribution has explained leptokurtosis (Baillie and Bollerslev).
Our analysis confirms the existence of portfolio balance and signaling channels, but differs from other studies in regard to which countries' operations had significant impacts. Although evidence of GARCH is present, the conditional variance does not influence the conditional mean (no GARCH-M).
In addition, we find evidence of day-of-the-week effects. Loopesko (1984) and Dominguez (1989) , the two studies that take the approach closest to that of this paper, use the UIP condition to test the impact of daily intervention. Loopesko examines the joint hypothesis of perfect asset substitutability and exchange market efficiency using daily data from 1975 to 1981. Cumulative central bank intervention that could have been known to market participants is the independent variable used to test for a portfolio balance effect. Lagged values of the realized profits and exchange rate are included to test for market efficiency. Although the joint hypothesis is resoundingly rejected, identification of the influence of the independent variables is clouded by the possibility that variables may have been omitted, or that not all of the measured intervention has been observed.
Risk Premia in Exchange Rates
There is no consensus as to the appropriate theoretical framework for exchange rate risk premia. Lucas's (1982) intertemporal dynamic two-country model implies that risk premia should be related to preferences and to the stochastic behavior of the driving processes, such as monetary policy. The intertemporal capital asset pricing model (Engel and Rodrigues [1987] , Giovannini and Jorion [1989] , and Mark [1988] ) suggests that risk premia should be related to covariances among asset returns. The consumption-based www.clevelandfed.org/research/workpaper/index.cfm capital asset pricing model (Hodrick [1989] , Cumby [1988] ) has specific implications for covariation between asset returns and intertemporal marginal rates of substitution in utility. Option pricing theory implies that risk premia are imbedded in foreign currency options prices (Lyons [1988] , McCurdy and Morgan [1988] ). Tests of all of these approaches have had mixed results. Hodrick (1987) and Baillie and McMahon (1989) provide excellent overviews of this literature.
Evidence favoring the existence of a risk premium in foreign exchange rates is indirect. Violation of the UIP condition, rejection of unbiasedness in the forward market, and poor out-of-sample forecasting performance of log-linear models that rely on first moments suggest that a risk premium may exist. However, most tests of UIP or of the relationship between forward and future spot rates are joint examinations of market efficiency, perfect substitutability, and capital mobility. Nonetheless, evidence of conditional heteroscedasticity in exchange rates naturally leads to attempts to explain time variation in the conditional variance of exchange rates.
Many of the theoretical approaches mentioned above imply that the conditional variance of exchange rates should be related to time-varying conditional covariances that involve exogenous processes such as money or output. However, testing these theories would require using data of no greater than monthly frequency. As Baillie and Bollerslev (1989) 
IV. Interest Paritv and Excess Return
We use the UIP condition to generate our measure of the exchange rate risk premium. An alternative would be to use the covered interest parity condition, which involves forward contracts. However, forward contracts are intended for delivery at least one month in the future, which, with daily data, would entail a loss of degrees of freedom in order to account for serially correlated errors induced by overlapping forecast intervals. UIP suggests utilizing equation (1).
where Rt = domestic interest rate, Rt* = foreign interest rate, St -exchange rate (foreign currency price of U.S. dollars), and RETt -excess return.
Here, the investor does not cover the transaction by selling forward, but instead forms expectations of the spot rate (EISt+l] for a one-day investment), which is uncertain at the time of the transaction.
We utilize daily data on interest rates, exchange rates, and intervention Timing conventions in the foreign exchange markets require the buying and selling of currency to be completed prior to the investment. Consider an investor who places funds overnight. This investor buys West German marks on day t-2 for delivery on day t. On day t-1, he sells the marks for dollars that are to be delivered on day t+l. On day t, his marks are collected and invested overnight. On day t+l, he receives his marks, which he had previously contracted to sell. These considerations, together with the assumption that EISt+l] = St+l, imply equation (2).
where the excess return has been decomposed into a risk premium (RP) and a forecast error (FE). Since we utilize St+l instead of its expectation, an MA(1) term is introduced into FEt. A regression of RETt on variables that would be in the investor's information set at transaction time provides a joint test of informational efficiency and absence of a risk premium. Hence, if our measure of intervention captures its influence on portfolio balance at t-3 and explains RETt, we would have evidence of an influence on risk premia if this market were informationally efficient.
We introduce intervention in two forms. To test for its influence through the portfolio balance channel, the total of the two countries' cumulative intervention is entered at t-3. If this measure captures a portfolio balance effect, then the identity of the countries should be immaterial. To examine this, each country's cumulative total is entered separately, as well. As indicated above, this is a joint test of efficiency and the existence of a risk premium. In addition, in the absence of a portfolio balance channel, this test may indicate a signaling role for intervention. To further test for a signaling effect, we distinguish between coordinated and unilateral intervention at t-3.
V. An Empirical Model
A substantial body of literature suggests that a martingale process aptly describes movements in exchange rates, and that the variances of the first differences of exchange rates are heteroscedastic. Here, we model the forecast error with the GARCH procedure used by Baillie and Bollerslev (1989) .
The residuals from the conditional mean equation for RETt are assumed to be generated by a conditional student-t distribution, and the conditional variance of the residuals, ht, is modeled as an ARMA process.
In equation (3), Yt is the measured excess return and Xt is the vector of explanatory variables, which includes intervention, an intercept, four day-of-the-week dummies, and dummies for missing data and vacation days. In equation ( 4 ) , the error ut is allowed to follow an MA(1) process. The term rhtPallows for the conditional variance (p-1) or the conditional standard deviation (p=.5) to influence the excess return. Although we do not present a theoretical model for this effect, it is implied by models such as that in Hodrick (1989) .
Equation (5) indicates that the distribution of the et conditional on the information set It-1 is student-t, with mean zero, variance ht, and distributional parameter v. If v exceeds 30, this distribution is approximately normal. Equation (6) shows that we utilize a GARCH(1,l) parameterization, with an intercept.
Preliminarv Tests and Procedures
A standard ARMA analysis of RETt did not help us to distinguish between AR(1) and MA(1) representations. Since overlapping forecast intervals suggest an MA(1) form, that is the one with which we proceed. Augmented Dickey-Fuller tests reject the hypothesis of a unit root in Yt.
In order to examine the sensitivity of our results on the significance of intervention on excess returns, we omit the daily dummies, the MA (1) 1985 (see Cross [1985 . We include West German and Japanese intervention, but not intervention by other large central banks, which tend to focus intervention on their own currency's exchange rate rather than on the yen-dollar or mark-dollar rate. Moreover, their currency's relationship against the dollar need not be the objective of the intervention: Many participants in the European Monetary System (EMS) intervene in dollars to maintain their currencies within EMS limits. Although third-party intervention may affect the yen-dollar or the mark-dollar exchange rate, the impact is often caused by the aggregation of purchases and sales of dollars undertaken independently by many different countries.
Results
The portfolio balance channel and cumulative intervention If the portfolio balance channel is operative, the total change in relative portfolios should be important to the investor. In Table I , we use as our intervention measure the total of U.S. and West German purchases of U.S. dollars against the mark as of date t-3. Since intervention is measured at the end of the day, this is information that investors could have had. Table I indicates that an increase in dollar purchases tends to result in significantly increased (at the 1 percent level) dollar excess returns.
In the absence of an agreed-upon theory of the determination of exchange rate risk premia, it is unclear how we should interpret the sign of the impact of intervention. However, the portfolio balance approach suggests that the excess return on dollar assets must increase in order to compensate investors for holding a greater stock of dollar assets. The positive coefficient implies that an increase in the stock of dollar assets (a negative value) is associated with a decrease in the risk premium. This is inconsistent with what the portfolio balance approach implies. The significance of the cumulative intervention measure is in agreement with Loopesko (1984) , who unfortunately does not report the direction of the effect that she finds.
Of course, we cannot claim to have distinguished between a portfolio channel and the possibility that intervention has had a role in signaling new information to the market. For example, an examination of equation (2) confirms that, ceteris paribus, RET and St-1 are positively correlated. The risk premia would be reflected in E [St-I] . However, the forecast error may be correlated with new information that intervention could provide.
In Table 11 , we split the total cumulative intervention measure utilized in Table I into U.S. and West German purchases. If a portfolio balance channel is operative, the identity of the purchaser should be inconsequential.
Thus, we would expect both variables to be significant. Results indicate, however, that only West German purchases of dollars have a significant impact on excess returns (about 10 percent). The sign of the effects is again positive. Tables I11 and IV indicate the results for the excess return of dollars over yen. There is no evidence that intervention has a significant influence.
The signal.ing channel and coordinated versus uncoordinated intervention If intervention works through providing signals to the market, then it need not be cumulative, and it might be ~.?cessary to distinguish between uncoordinated and unilateral interventions; this study measures both at t-3.
